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Fig. 6
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Fig. 10

SURVEYING INSTRUMENT

START S2 1
HORIZONTAL ROTATION| go»o

FAN-SHAPED-LASER-
BEAM EMISSION S23

FAN-SHAPED-LASER-
BEAM RECEIVE S04

ELEVATION ANGLE,
RECEVING-TIME

CALCULATION
S2

COLLIMATING POSITION SEARCHING MODE

S
ADJUST S26 [
TRACKING-LIGHT
EMISSION TRACKING MODE

S27

TRAGKING-LIGHT
RECEIVE

YES S28

TRACKING POSITION
ADJUST

S29

COLLIMATING NO

CENTER
YES 530

MEASUREMENT OF
DISTANCE AND ANGLE



US 7,861,423 B2

1

SURVEYING INSTRUMENT, SURVEYING
SYSTEM, METHOD FOR DETECTING
MEASURED OBJECT, AND
COMPUTER-READABLE RECORDING
MEDIUM FOR DETECTING MEASURED
OBJECT

RELATED APPLICATIONS

This application claims priority under 35 U.S.C. §119 to
Japanese Patent Application No. JP2008-073826 filed on
Mar. 21, 2008, the entire content of which 1s hereby incorpo-
rated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a surveying instrument
which measures a distance and an angle to a measured object
by tracking a reflector provided at the measured object, and in
particular, relates to a surveying instrument which can
shorten a search time of the measured object.

2. Description of the Related Art

In the past, surveying work was carried out by using a
surveying instrument provided at a control point, and by using
a reflector (corner cube, etc.) ol a measured object in which a
surveying instrument collimates (setting of the optical axis of
the telescope 1n the direction of the measured object). The
surveying instrument has a horizontal-angle-measuring unit
and a vertical-angle-measuring unit which detect a collimat-
ing direction, and a laser rangefinder that measures a distance
from the surveying mstrument to a collimated target. In recent
years, the surveying instrument has an auto-tracking function
for tracking the reflector automatically (collimated target) of
the measured object, so a surveyor can take measurements
alone.

In such a surveying instrument, a surveyor exists i the
collimated target side, and moves the collimated target
according to a work schedule. When the surveyor moves the
collimated target, the surveying instrument tracks the colli-
mated target and collimates the collimated target automati-
cally.

The auto-tracking function of the surveying instrument 1s
achieved by a dniving section for driving a tracking-light-
emitting section around a horizontal axis and a vertical axis,
a tracking-light-emitting section for emitting a parallel track-
ing light to the reflector of the collimated target, and a track-
ing-light-recetving section for receiving a tracking light
reflected by the reflector. When the driving section 1s con-
trolled and a tracking light 1s located at the center of a light-
detecting element in the tracking-light-recerving section, the
surveying nstrument can track the collimated target.

A trackable range 1s limited to a collimating range of a
telescope section of the surveying instrument. Therelore,
when the move speed of the collimated target moved by the
surveyor 1s faster than the trackable speed of the surveying
instrument, or when the collimated target 1s outside 1n the
collimatable range, the surveying instrument loses sight of
the collimated target and cannot track it. In this case, the
surveying mstrument searches the collimated target by rotat-
ing around a horizontal axis and a vertical axis. For example,
Japanese Unexamined Patent Application Publication No.
2000-356518 discloses an invention relating to such a survey-
ing instrument.

Furthermore, for example, Japanese Unexamined Patent
Application Publication No. 8-178652 discloses the follow-
ing mvention. In this invention, a surveying instrument and a
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2

measured object receive positional information by GPS
receiver, and the surveying instrument receives position
information of the measured object by wireless, and then the
surveying instrument searches a collimated target by position
information of itself and position mformation of the mea-
sured object.

SUMMARY OF THE INVENTION

In the surveying instrument shown in Japanese Unexam-
ined Patent Application Publication No. 2000-3563518, when
the surveying mnstrument searches for the measured object,
the surveying instrument must rotate all around a horizontal
axis and a vertical axis 1n order to change the collimating
direction, because the collimating range 1s limited. The col-
limating range 1s narrower than the search area. Therefore,
even 1 a direction of the measured object 1s known, time for
catching the measured object 1s required, so efficiency of
work 1s 1nferior.

In addition, a system using a GPS receiver for determining,
the position of a measured object 1s suggested 1n Japanese
Unexamined Patent Application Publication No. 8-178652.
However this system 1s unsuitable for indoor work, such as 1n
a tunnel, subway, or forest. Therefore, rapid searches for the
measured object cannot be anticipated.

In consideration of such circumstances, in a surveying
instrument which measures a distance and an angle to the
measured object by tracking a reflector of the measured
object, an object of the present invention 1s to provide a
technique for shortens the search time of the measured object.

r

T'he present mnvention 1s a surveying instrument for mea-
suring three-dimensional position of a measured object, com-
prising: a detecting section for detecting a direction of the
measured object by rotational emission of two or more fan-
shaped laser beams 1n which at least one beam 1s 1nclined; an
optical system including a tracking-light-emitting section for
emitting a tracking light and a distance-measuring-light-
emitting section for emitting a distance-measuring light; a
tracking-light-receiving section for recerving the tracking
light reflected by the measured object; and a driving section
for driving the optical system 1n order to collimate the mea-
sured object according to an output of the detecting section
and an output of the tracking-light-receiving section.

According to the present invention, the search time of the
measured object can be shortened, because the search area of
the measured object 1s wide. The surveying mstrument colli-
mates approximately by this fan-shaped laser beams, and the
surveying instrument collimates precisely by the tracking
light.

A second aspect of the present invention 1s a surveying
system including a surveying instrument for measuring the
three-dimensional position of a measured object, comprising;:
a detecting section for detecting a direction of the measured
object by rotational emission of two or more fan-shaped laser
beams 1n which at least one beam 1s inclined; an optical
system including a tracking-light-emitting section for emit-
ting a tracking light and a distance-measuring-light-emitting
section for emitting a distance-measuring light; a tracking-
light-receiving section for recerving the tracking light
reflected by the measured object; and a driving section for
driving the optical system 1n order to collimate the measured
object according to an output of the detecting section and an
output of the tracking-light-receiving section. According to
the second aspect, the surveying system can obtain the above-
mentioned effect by the composition in which the surveying
instrument and the measured object collaborate.
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In a third aspect of the present invention, the measured
object 1s a target having a reflector, the detecting section has
a Tan-shaped-laser-beam-recerving section for receiving the
fan-shaped laser beams retlected by the reflector, and the
direction of the measured object 1s detected based on a rotat-
ing position of the beam emission and recerving signals of the
fan-shaped-laser-beam-receiving section. According to the
third aspect, the measured object can be composed of only the
reflector.

In a fourth aspect of the present invention, the measured
object 1s a target having a fan-shaped-laser-beam-receiving
section, and the detecting section has a wireless communica-
tion section for communicating by the wireless between the
surveying instrument and the measured object, and a calcu-
lating section for calculating a direction of the measured
object according to the direction of the beam emission of the
fan-shaped laser beams 1n a horizontal plane and according to
the recerving signals of the fan-shaped-laser-beam-recerving,
section obtained by the wireless communication section.
According to the fourth aspect, the measured object can
receive the fan-shaped laser beams.

In a fifth aspect of the present invention, the calculating
section 1s provided at the measured object. According to the
fifth aspect, the measured object can calculate the direction of
the measured object.

In a sixth aspect of the present invention, the calculating
section 1s provided at the surveying mstrument. According to
the sixth aspect, the surveying istrument can calculate the
direction of the measured object.

In a seventh aspect of the present invention, the rotational
emission of the fan-shaped laser beams 1s carried out by a
fan-shaped-laser-beam-emitting section, and the fan-shaped-
laser-beam-emitting section and the optical system rotates
around the same vertical axis. According to the seventh
aspect, a horizontal angle of the fan-shaped-laser-beam-emiut-
ting section and a horizontal angle of the optical system are
detected by the same vertical axis.

In a eighth aspect of the present invention, the fan-shaped-
laser-beam-emitting section can rotate in a vertical plane, and
when the detecting section cannot detect a direction of target,
the direction of the beam emission 1 a vertical plane 1s
changed. According to the eighth aspect, even 1f the measured
object does not exist 1in the search area of the fan-shaped laser
beams, the measured object can be searched {for.

In a ninth aspect of the present invention, when the driving
section drives the optical system according to the output of
the detecting section and the collimating by the output of the
tracking-light-receving section 1s not possible, the driving
section drives the optical system i1n a vertical direction.
According to the ninth aspect, when the measured object can
be searched for by the fan-shaped laser beams, even 1f the
measured object does not exist 1n the collimating range of a
tracking light, the measured object can be collimated.

A tenth aspect of the present invention 1s a method for
detecting a measured object by a surveying instrument which
measures a three-dimensional position of the measured
object, comprising: a first step for detecting a direction of the
measured object by the rotational emission of two or more
fan-shaped laser beams in which at least one beam 1s inclined;
a second step for driving an optical system including a track-
ing-light-emitting section and a distance-measuring-light-
emitting section in the direction of the measured object
according to an output of the first step; a third step for driving
the driving section according to relative position between an
optical axis 1n the fan-shaped-laser-beam-emitting section
and an optical axis in the optical system, when a tracking light
1s emitted 1n a direction of the measured object and a tracking-
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light-receiving section cannot receitve the tracking light
reflected by the measured object; and a fourth step for emit-
ting the tracking light 1n a direction of the measured object,
for recewving the tracking light reflected at the measured
object by the tracking-light-receiving section, and for driving
the driving section. According to the tenth aspect, when the
measured object can be searched for by the fan-shaped laser
beams, even if the measured object does not exist in the
collimating range of the tracking light, the measured object
can be collimated by driving the driving section according to
relative position between an optical axis 1 the fan-shaped-
laser-beam-emitting section and an optical axis in the optical
system.

A eleventh aspect of the present invention 1s a computer-
readable recording medium for detecting a measured object
by a surveying instrument which measures a three-dimen-
sional position of the measured object, comprising: a first step
for detecting a direction of the measured object by rotational
emission of two or more fan-shaped laser beams 1n which at
least one beam 1s inclined; a second step for driving an optical
system including a tracking-light-emitting section and a dis-
tance-measuring-light-emitting section in the direction of the
measured object according to an output of the first step; a third
step for driving the driving section according to relative posi-
tion between an optical axis 1n the fan-shaped-laser-beam-
emitting section and an optical axis 1n the optical system,
when a tracking light 1s emitted 1n a direction of the measured
object and a tracking-light-recerving section cannot recerve
the tracking light reflected by the measured object; and a
fourth step for emitting the tracking light 1n the direction of
the measured object, for recerving the tracking light retlected
at the measured object by the tracking-light-receving sec-
tion, and for driving the driving section. According to the
cleventh aspect, when the measured object can be searched
for by the fan-shaped laser beams, even 11 the measured object
does not exist 1n the collimating range of the tracking light,
the measured object can be collimated by driving the driving
section according to relative position between an optical axis
in the fan-shaped-laser-beam-emitting section and an optical
axis 1n the optical system.

According to the present invention, the surveying instru-
ment, which measures a distance and an angle to the mea-
sured object by tracking a reflector of the measured object,
can shorten the search time for the measured object.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing an example of composition of
a surveying system.

FIG. 2 1s a diagram showing an example of a surveying
instrument.

FIG. 3A 1s an arrangement diagram showing an optical
system of a fan-shaped-laser-beam-emitting section, and

FIG. 3B 1s an arrangement diagram showing an optical
system 1n a mirror cylinder section.

FIG. 4 1s a block diagram of a surveying instrument and a
measured object 1n a first embodiment.

FIG. 5A to FIG. 3D are explanatory diagrams of a method
for calculating an elevation angle by the fan-shaped laser
beams.

FIG. 6 1s a flowchart 1n a first embodiment.

FIG. 7 1s a block diagram of a surveying instrument and a
measured object 1n a second embodiment.

FIG. 8 1s a diagram showing an optical system of a fan-
shaped-laser-beam-emitting section and of a fan-shaped-la-
ser-beam-receiving section.
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FIG. 9 1s an explanatory diagram of a positional oifset
between fan-shaped laser beams and a tracking light or a

distance-measuring light.
FIG. 10 1s a flowchart 1n a second embodiment.

DETAILED DESCRIPTION OF THE PREFERR
EMBODIMENTS

s
»

1. First Embodiment

An example of a surveying mstrument and a surveying
system comprising a fan-shaped-laser-beam-emitting section
will be described hereinatter.

Composition of Surveying System

FIG. 1 1s a diagram showing an example of a composition
of a surveying system. The surveying system 1s composed of
a surveying instrument 1 and a measured object 2. As shown
in FI1G. 1, the surveying instrument 1 detects a direction of the
measured object 2 by rotational emission to all azimuths of
two or more fan-shaped laser beams 3a, 35, and 3¢ (N-shaped
light) 1n which at least one beam 1s inclined. In addition, after
the surveying instrument 1 has detected the measured object
2, the surveying instrument 1 catches and tracks the measured
object 2 by emitting a tracking light 4, which 1s parallel light.
When the measured object 2 1s 1n the collimating center, the
surveying instrument 1 measures a distance by emitting a
distance-measuring light 5, and measures an angle by using
an angle-detecting section such as an encoder.

In the measured object 2, a fan-shaped-laser-beam-rece1v-

ing section 6 recerves the fan-shaped laser beams 3a, 36, and
3¢ which were emitted by the surveying mstrument 1. The
measured object 2 calculates an elevation angle between an
output position of the fan-shaped laser beams 3a, 35, and 3¢
in the surveying mstrument 1 and receving position of the
tan-shaped laser beams 3a, 3b, and 3¢ at the measured object
2. The measured object 2 sends an elevation angle and a
receiving time to the surveying instrument 1. The surveying,
instrument 1 detects a direction of the measured object 2 from
the elevation angle and the receiving time. In addition, the
measured object 2 has a corner cube 7, which 1s a reflector
reflecting the tracking light 4 and the distance-measuring
light 5.
In the above-mentioned case, the timing of the surveying
instrument 1 and the measured object 2 are synchronized. In
the case in which the time of the surveying instrument 1 and
the measured object 2 are not synchronized, when the mea-
sured object 2 recerves the fan-shaped laser beams 3a, 35, and
3¢, the measured object 2 sends only recerving notification to
the surveying imstrument 1. The surveying instrument 1
detects a horizontal angle of the recerving time. Then, the
measured object 2 calculates an elevation angle and can send
the elevation angle to the surveying instrument 1. Further-
more, 1t 1s possible to use a method that 1s described in
Japanese Patent Application No. 2007-152842 by the present
applicant.

Composition of Surveying Instrument and Measured Object

FIG. 2 1s a diagram showing an example of a surveying
instrument. The surveying mstrument 1 has a substrate sec-
tion 8 which 1s provided on a tripod, a main body 10 which 1s
supported rotatably around a vertical axis 9 on the substrate
section 8, a mirror cylinder 12 which 1s supported rotatably
around a horizontal axis 11 on the main body 10, and a
fan-shaped-laser-beam-emitting section 13 which 1s provided
on the mirror cylinder 12.

The main body 10 has a horizontal rotary mechanism that
horizontally rotates the mirror cylinder 12 and the fan-
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6

shaped-laser-beam-emitting section 13 around the vertical
axis 9. The main body 10 1s rotated by a horizontal rotary
motor 15 via a horizontal rotary gear 14. In addition, the
vertical axis 9 has a horizontal angle encoder 16, and the
horizontal angle encoder 16 detects a horizontal angle.

Themirror cylinder 12 has a vertical rotary mechanism that
vertically rotates the mirror cylinder 12 around the horizontal
axis 11. The mirror cylinder 12 rotates by a vertical rotary
motor 18 via a vertical rotary gear 17. In addition, the hori-
zontal axis 11 has a vertical angle encoder 19, and the vertical
angle encoder 16 detects a vertical angle. When the surveying
instrument 1 tracked the measured object 2 1n the collimation
center, measurement of an angle to the measured object 2 1s
carried out. That 1s, the horizontal angle encoder 16 detects a
horizontal angle and the vertical angle encoder 16 detects a
vertical angle.

Next, an optical system of the fan-shaped-laser-beam-
emitting section 13 and an optical system 1n the mirror cyl-
inder 12 will be described hereinatiter. FIG. 3A 1s an arrange-
ment diagram showing an optical system of a fan-shaped-
laser-beam-emitting section, and FIG. 3B 1s an arrangement
diagram showing an optical system in a mirror cylinder sec-
tion.

The fan-shaped-laser-beam-emitting section 13 has a fan-
shaped laser light source 20, a relay lens 21, division prisms
22,23, and 24, and cylindrical lenses 25, 26, and 27. The laser
light which 1s output from the fan-shaped laser light source
20, 1s made to be parallel light by the relay lens 21, and 1s
divided 1nto three beams of laser lights by the division prisms
22, 23, and 24. The two beams of laser light 3a and 3¢ are
output from both sides, and are expanded 1n a vertical direc-
tion by cylindrical lenses 25 and 27. In addition, the laser light
35 1s output from the center of the three beams of laser light,
and 1s expanded 1 a direction inclined from the vertical
direction by cylindrical lens 26. The fan-shaped laser beams
3a, 3b, and 3c¢ are recerved 1n the fan-shaped-laser-beam-
receiving section 6 ol the measured object 2.

The optical system 1n the mirror cylinder 12 has a telescope
section 30 which 1s used for the collimation, a tracking optical
system 31, and a distance-measuring optical system 32. An
objective lens 33, a dichroic prism 34, a focusing lens 35, an
erecting prism 36, a focusing mirror 37, and an eyepiece 38
are provided on an optical axis of the telescope section 30 one
by one. The dichroic prism 34 1s composed of a prism 39, a
prism 40, and a prism 41. The prism 39, the prism 40, and the
prism 41 form a first face and a second face that are dichroic
mirror faces.

The first face passes a visible light and reflects an infrared
light among an incident light from the objective lens 33. On
the other hand, the second face passes the distance-measuring
light 5 (infrared light) and reflects a tracking light 4 (infrared
light). For example, the first face passes a visible light of 400
to 650 nm and reflects an infrared light of 650 to 850 nm.
Furthermore, for example, the second face retlects an infrared
light of 650 to 720 nm (tracking light 4) and passes an infrared
light of 720 to 850 nm (distance-measuring light 5). The
visible light, which enters from the objective lens 33 and
passes the first face, forms an 1mage 1n the focus mirror 37 by
the focus lens 35, and 1s collimated. The distance-measuring
optical system 32 1s provided on an optical axis of light
reflected by the first face, and the tracking optical system 31
1s provided on an optical axis of light reflected by the second
face.

The tracking optical system 31 has a tracking-light-emit-
ting section 42 and a tracking-light-recerving section 43. The
tracking-light-emitting section 42 1s composed of an aperture
mirror 45 provided on an optical axis 44 of the tracking light,
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and of a relay lens 46 provided on an optical axis of light
passing an aperture mirror 45, and of a laser light source 47
used for tracking the measured object. The tracking-light-
receiving section 43 1s composed of a relay lens 48 provided
on an optical axis of light reflected by an aperture mirror 45,
and of a light-detecting element 49. The tracking light 4,
which 1s output from the laser light source 47 for tracking,
passes the aperture mirror 45, and 1s reflected by the first face
and the second face, and 1s output from the objective lens 33.
The tracking light 4, which 1s output from the objective lens
33, 1s retlected by the corner cube 7 1n the measured object 2,
and enters the objective lens 33, and i1s retlected by the first
face, the second face, and the aperture mirror 45, and 1is
received 1n the tracking-light-receiving section 43.

The distance-measuring optical system 32 has a distance-
measuring-light-emitting section 50 and a distance-measur-
ing-light-receiving section 51. The distance-measuring-light-
emitting section 50 1s composed of an aperture mirror 53
provided on an optical axis 52 of the distance-measuring light
5, and of a relay lens 54 provided on an optical axis of light
passing an aperture mirror 33, and of a laser light source 35
for measuring a distance. The distance-measuring-light-re-
ceiving section 51 1s composed of arelay lens 56 provided on
an optical axis of light reflected by an aperture mirror 33, and
of a light-detecting element 57. The distance-measuring light
5, which 1s output from the laser light source 35 for the
distance-measuring light S, passes an aperture mirror 53 and
the second face, and 1s retlected by the first face, and 1s output
from the objective lens 33. The distance-measuring light 5,
which 1s output from the objective lens 33, 1s reflected by the
corner cube 7 1n the measured object 2, and enter the objective
lens 33, and 1s reflected by the first face, and passes the second
face, and 1s recerved by the distance-measuring-light-receiv-
ing section 51.

The optical path of the tracking light 4 and the optical path
of the distance-measuring light 5 can be different. Further-
more, the optical system of the fan-shaped-laser-beam-emit-
ting section 13 and the optical system 1n the mirror cylinder
12 including the tracking optical system 31 and the distance-
measuring optical system 32 can be provided 1n the same case
and can share the horizontal angle encoder and the vertical
angle encoder.

A block diagram of the surveying mnstrument 1 and the
measured object 2 will be described heremnatter. FIG. 4 1s a
block diagram of a surveying instrument and a measured
object in the first embodiment. The surveying mstrument 1 1s
operated by an operation section 65. A control arithmetic
section 60 of the surveying instrument 1 drives a horizontal
rotary motor 15, and horizontally rotates the main body 10 of
the surveying instrument 1, and emits the fan-shaped laser
beams 3a, 3b, and 3¢ from the fan-shaped-laser-beam-emit-
ting section 13. At this time, the surveying instrument 1
detects a horizontal angle by a horizontal angle encoder 16 1n
a predetermined time 1nterval, and stores this 1n a memory
section 61. In addition, at this time, the surveying instrument
1 does not output the tracking light 4 and the distance-mea-
suring light 5 1n order to decrease power consumption.

Furthermore, the surveying mnstrument 1 can detect the
measured object 2 by driving the fan-shaped-laser-beam-
emitting section 13 in the direction of an elevation angle while
rotating 1n a horizontal plane, even 1f the measured object 2
exists outside of an emission range of the fan-shaped laser
beams 3a, 3b, and 3c. In this case, a searching range of the
tan-shaped laser beams 3a, 35, and 3¢ 1s wide, so the survey-
ing mnstrument 1 can collimate the measured object 2 quickly
in comparison with the case in which the present invention 1s
not applied.

10

15

20

25

30

35

40

45

50

55

60

65

8

The measured object 2 recerves the fan-shaped laser beams
3a, 3b, and 3¢ by the fan-shaped-laser-beam-receiving sec-
tion 6. The fan-shaped-laser-beam-receiving section 6 and the
corner cube 7 1in the measured object 2 are provided on the
same vertical line, and the fan-shaped-laser-beam-emitting
section 13 and a collimating position of the telescope section
301n the surveying instrument 1 are also provided on the same
vertical axis 9. Therefore, a positional offset between the
fan-shaped-laser-beam-receiving section 6 and the corner
cube 7 1n the measured object 2 1s corresponding to a posi-
tional offset between the fan-shaped-laser-beam-emitting,
section 13 and a collimating position of the telescope section
30 in the surveying instrument 1. Therefore, there 1s no angle
ollset between an elevation angle detected by the fan-shaped
laser beams 3a, 3b, and 3¢ and a vertical angle 1n an actual
collimating position.

On the other hand, the fan-shaped-laser-beam-emitting
section 13 and the optical system including the tracking opti-
cal system 31 and the distance-measuring optical system 32
rotate around the same vertical axis 9 in a horizontal plane.
The emitting direction of the fan-shaped laser beams 3a, 35,
and 3¢ and the outputting direction of the tracking-light 4 and
the distance-measuring light 5 are also the same. Therefore,
there 1s no angle oifset between a horizontal angle detected by
the fan-shaped laser beams 3a, 35, and 3¢ and a horizontal
angle 1n an actual collimating position.

A control arithmetic section 62 of the measured object 2
calculates an elevation angle between the surveying instru-
ment 1 and the measured object 2 from light signals of the
fan-shaped laser beams 3a, 35, and 3c. The elevation angle
and the recerving time of light signals are stored 1n a memory
section 66. The calculated elevation angle and the receiving
time of light signals are sent to the surveying mstrument 1 by
a wireless communication section 63. The surveying instru-
ment 1 receives an elevation angle and the recerving time
from a wireless communication section 64. In addition, the
measured object 2 does not calculate the elevation angle, and
can send only the receiving time to the surveying instrument
1, and the surveying mstrument 1 can calculate an elevation
angle and a horizontal angle. Furthermore, the measured
object 2 sends only recerving-notification to the surveying
instrument 1, and then calculates an elevation angle, and can
send the elevation angle to the surveying istrument 1.

FIG. 5A to FIG. 3D are explanatory diagrams of a method
for calculating an elevation angle by the fan-shaped laser
beams. FIG. 5A 1s an elevation view of the fan-shaped laser
beams, FIG. 5B 1s a side view of the fan-shaped laser beams,
FIG. 5C 1s a diagram of light signals 1n a case 1n which the
fan-shaped-laser-beam-receiving section 1s at a position of B
point, FIG. 5D 1s a diagram of light signals 1n a case 1n which
the fan-shaped-laser-beam-receiving section 1s at a position
of the A point.

As shown 1n FIG. SA, when the fan-shaped-laser-beam-
receiving section 6 1s at a position of the B point, that 1s, when
the fan-shaped-laser-beam-receiving section 6 shifts from the
center of the fan-shaped laser beams 3a, 35, and 3¢, as shown
in F1G. 5C, time interval of light signals 70aq and 705 and time
intervals of light signals 705 and 70c¢ are different. As shown
in FIG. SA, when the fan-shaped-laser-beam-receiving sec-
tion 6 1s at the position of the A point, that i1s, when the
tan-shaped-laser-beam-receiving section 6 is at the center of
the fan-shaped laser beams 3a, 35, and 3¢, as shown 1n FIG.
5D, time intervals of light signals 70a and 706 and time
intervals of light signals 705 and 70¢ are equal. Therefore, the
clevation angle v can be calculated from a ratio of the time
intervals between light signals 70a, 705 and light signals 705,
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70¢, an inclined angle 0 of the fan-shaped laser beam 35, and
an enlarged angle o of the fan-shaped laser beams 3a, 36, and

3c.

The control arithmetic section 62 of the measured object 2
judges that an unnecessary retlector exists and excludes this
light signals, when time intervals of light signals of the fan-
shaped laser beams 3a, 35, and 3¢ 1s abnormal, for example,
when the receiving times of the fan-shaped laser beams 3a
and 3¢ are not fixed, or when the number of light signals
within a certain period 1s abnormal. Furthermore, the control
arithmetic section 62 of the measured object 2 adjusts the
light-receiving sensitivity of the fan-shaped-laser-beam-re-
ceiving section 6, and excludes the existence of an unneces-
sary retlector by strength of the light signal.

In FIG. 4, when the wireless communication section 64 of
the surveying instrument 1 receives the elevation angle and
the recerving time, the control arithmetic section 60 of the
surveying nstrument 1 calculates the horizontal angle to the
measured object 2 by using a time mterpolation method based
on both the recerving time and the horizontal angle detected 1n
a predetermined time interval. The control arithmetic section
60 of the surveying instrument 1 drives the vertical rotary
motor 18 only by the elevation angle received from the mea-
sured object 2, and drives the horizontal rotary motor 15 only
by the horizontal angle calculated by using the time interpo-
lation method. As a result, the collimating position 1s adjusted
in a direction of the measured object 2.

After the collimation 1s finished, the control arithmetic
section 60 of the surveying instrument 1 emits the tracking
light 4 from the tracking-light-emitting section 42, and
catches the measured object 2. The tracking light 4 1s recerved
at the tracking-light-receiving section 43. When the measured
object 2 1s 1n the collimating center, the distance-measuring-
light-emitting section 50 emits the distance-measuring light
5. Then, measurement of a distance and an angle 1s carried
out. The control arithmetic section 60 of the surveying instru-
ment 1 calculates a distance between the surveying instru-
ment 1 and the measured object 2 according to the speed of
light and the transit time from the output time of the distance-
measuring light 5 to the recerving time of the distance-mea-
suring light 5 reflected by the cormer cube 7 of the measured
object 2. In addition, the control arithmetic section 60 of the
surveying instrument 1 calculates the horizontal angle and the
vertical angle by the horizontal angle encoder 16 and the
vertical angle encoder 17, when the distance-measuring light
5 1s output. Furthermore, for example, the enlarged angle 6 of
the fan-shaped laser beams 3a, 36, and 3¢ has an area of £10°,
and the tracking light 4 1s emitted 1n an area of £1°. That 1s, an
emitting area of the fan-shaped laser beams 3a, 35, and 3¢ 1s
wider than that of the tracking light 4, and an emitting area of
the tracking light 4 1s more than that of the distance-measur-
ing light 5. The same one can be used for the distance-
measuring light 5 and the tracking light 4.

Action of Surveying Instrument and Measured Object

Action of the surveying mnstrument 1 and the measured
object 2 will be described hereinatter. FIG. 6 1s a flowchart 1in
the first embodiment. A computer-readable program carrying,
out processes 1n FIG. 6 1s stored 1n the memory section 61,
and 1s carried out by the control arithmetic section 60. This
computer-readable program can be provided by storing it 1n
such a recording medium as a CDROM.

First, the surveying mnstrument 1 changes to a searching
mode for searching for a direction of the measured object 2.
The surveying mstrument 1 drives the horizontal rotary motor
15, and horizontally rotates the main body 10 of the surveying
istrument 1 (Step 1), and emaits the fan-shaped laser beams
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3a, 3b, and 3¢ from the fan-shaped-laser-beam-emitting sec-
tion 13 while rotating (Step 2). At thus time, the surveying
istrument 1 detects a horizontal angle 1n a predetermined
time 1nterval by the horizontal encoder 16, and stores thisin a
memory section 61.

The measured object 2 recerves the fan-shaped laser beams
3a, 35, and 3¢ 1n the fan-shaped-laser-beam-recerving section
6 (Step 3). At this time, 11 the number of light signals 1s less
than the number of the fan-shaped laser beams 3a, 35, and 3c,
the surveying mstrument 1 judges 1ts cause to be shortage of
light quantities, and 1t raises the light-receiving sensitivity. If
the number of light signals 1s more than the number of the
fan-shaped laser beams 3a, 3b, and 3¢, the surveying instru-
ment 1 judges 1ts cause to be the existence of an unnecessary
reflector, and lowers the light-receiving sensitivity. Next, the
control arithmetic section 62 of the measured object 2 calcu-
lates an elevation angle between the surveying mstrument 1
and the measured object 2 from light signals 70a, 7056, and
70c of the fan-shaped laser beams 3a, 3b, and 3¢ (Step 4). The
clevation angle and the receiving time of light signals 70a,
706, and 70c are sent to the surveying mstrument 1 by the
wireless communication section 63 (Step 5). Like the above-
mentioned, the measured object 2 does not calculate the
clevation angle, and can send only the recerving time of light
signals 70a, 706, and 70c¢ to the surveying mstrument 1. In
addition, the measured object 2 sends only the receiving
notification to the surveying instrument 1, and then calculates
the elevation angle and can send this to the surveying instru-
ment 1.

When the surveying mstrument 1 cannot receive the eleva-
tion angle and the recerving time from the measured object 2,
that 1s, when the surveying instrument 1 cannot detect the
measured object 2 by using the fan-shaped laser beams 3qa, 35,
and 3¢, the surveying mstrument 1 changes the emitting
direction of the fan-shaped laser beams 3a, 3b, and 3¢ to a
vertical rotary direction. On the other hand, when the survey-
ing instrument 1 receives the elevation angle and the receiv-
ing time (Step 6), the surveying instrument 1 calculates a
horizontal angle from the recerving time (Step 7).

Then, the surveying mstrument 1 drives the vertical rotary
motor 18 and the horizontal rotary motor 15, and adjusts the
collimating position (Step 8). After the collimation has fin-
1shed, the surveying instrument 1 changes to a tracking mode
for tracking the measured object 2. The surveying instrument
1 emuits the tracking light 4 from the tracking-light-emitting
section 42 (Step 9). The tracking light 4 1s reflected by the
corner cube 7 of the measured object 2, and the surveying
mstrument 1 judges whether the tracking light 4 can be
received (Step 10). When the tracking-light-receiving section
43 cannot recerve the tracking light 4 (No 1in Step 10), that 1s,
when the measured object 2 i1s outside 1n the collimating
range, the surveying mstrument 1 adjusts again the collimat-
ing position by rotating 1n a vertical direction (Step 8) and
emits again the tracking light 4 (Step 9), because the output
direction of the fan-shaped laser beams 3a, 35, and 3¢ and the
output direction of the tracking light 4 and the distance-
measuring light 5 are the same 1n horizontal plane.

When the tracking-light-receiving section 43 could receive
the tracking light 4 (Yes 1n Step 10), the surveying instrument
1 adjusts a tracking position (Step 11). The tracking position
1s so adjusted that a barycentric position of the tracking light
4 which the tracking-light-recerving section 43 received 1s a
center position (a collimating center) of a light-detecting
clement 1n the tracking-light-receiving section 43 (Step 12).
When the barycentric position of the tracking light 4 is the
collimating center (Yes 1n Step 12), the surveying instrument
1 measures a distance and an angle to the measured object 2




US 7,861,423 B2

11

(Step 13). When the barycentric position of the tracking light
4 1s not the collimating center (No 1n Step 12), tflow of pro-
cessing returns to Step 10.

Advantages of the First Embodiment

According to the first embodiment, because a search area
of the fan-shaped laser beams 3a, 35, and 3¢ 1s wide, the
fan-shaped laser beam can shorten the search time of the
measured object 2. The surveying instrument 1 can collimate
approximately by using these fan-shaped laser beams 3q, 35,
and 3c¢. The surveying instrument 1 can collimate precisely by
using the tracking light 4 of parallel light.

In addition, according to the first embodiment, the mea-
sured object 2 can receive the fan-shaped laser beams 3a, 35,
and 3¢, and can calculate a direction of the measured object 2.

Furthermore, even 11 the measured object 2 1s not 1n the
search area of the fan-shaped laser beams 3a, 35, and 3¢, the
measured object 2 can be searched quickly by changing an
emitting direction to a vertical plane. In addition, the mea-
sured object 2 can be searched for by the fan-shaped laser
beams 3a, 3b, and 3¢, and even if the measured object 2 1s not
in the collimating range of the tracking light 4, the measured
object 2 can be collimated by driving 1n a vertical direction.

2. Second Embodiment

An example of a surveying mnstrument and a surveying
system comprising a fan-shaped-laser-beam-emitting section
and a fan-shaped-laser-beam-receiving section will be
described hereinafter. The composition that are similar to
those 1n the first embodiment are omitted.

Composition of Surveying Instrument and Measured Object

FI1G. 7 1s a block diagram of a surveying instrument and a
measured object 1n the second embodiment, and FIG. 8 1s a
diagram showing an optical system of a fan-shaped-laser-
beam-emitting section and of a fan-shaped-laser-beam-re-
ceiving section. As shown in FI1G. 7, the surveying instrument
71 has a fan-shaped-laser-beam-receiving section 73, and the
measured object 72 has only the corner cube 7. As shown 1n
FIG. 8, the fan-shaped-laser-beam-receiving section 73 fur-
ther has an aperture mirror 74 and a light-detecting element
75 between a fan-shaped laser light source 20 and a relay lens

21.

When the fan-shaped-laser-beam-receving section 73
receives the fan-shaped laser beams 3a, 35, and 3¢, the control
arithmetic section 60 of the surveying mnstrument 71 calcu-
lates a horizontal angle by the recerving time of the fan-
shaped laser beams 3a, 3b, and 3¢ and a value detected by the
horizontal angle encoder 16. In addition, the control arith-
metic section 60 of the surveying instrument 71 calculates an
clevation angle by time interval ratio of light signals 70a, 705,
and 70c of the fan-shaped laser beams 3a, 35, and 3c. In
particular, when a distance between the surveying instrument
71 and the measured object 72 1s short, the elevation angle
calculated by the control arithmetic section 60 has the follow-
ing positional offset.

The positional ofiset between the fan-shaped laser beams
3a, 3b, and 3¢ and the tracking light 4 or the distance-mea-
suring light 5 will be described hereinafter. FIG. 9 1s an
explanatory diagram of a positional offset between the fan-
shaped laser beams and the tracking light 4 or the distance-
measuring light 5. O 1s a collimating position of a telescope
section, O'1s an output position of the fan-shaped laser beams
3a, 3b, and 3¢, P 1s a position of the corner cube 7 in the
measured object 72. In the surveying mstrument 71, an opti-
cal path of the fan-shaped laser beams 3a, 35, and 3c¢ 1s
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different from an optical path of a tracking light 4 or a dis-
tance-measuring light 5, so a positional offset exists.

In the case of FIG. 9, a relationship between an elevation
angle 0', which 1s detected by the fan-shaped laser beams 3a,
3b, and 3¢, and a vertical angle 0 1n an actual collimating
position, 1s 0>0'. When a distance between the surveying
instrument 71 and the measured object 72 1s short, an mnflu-
ence of an angle oflset 1s larger. Therelore, use 1n a permis-
sible range 1s preferable. For example, when a positional
offset H 1s 300 mm, and when a difference (an angle offset)
between an elevation angle 0', which 1s detected by the fan-
shaped laser beams 3a, 3b, and 3¢, and a vertical angle 0 in a
actual collimating position, 1s about 1°, and a distance 1s
about 20 m. At such a distance, a surveyor can easily distin-
guish the influence level. This angle ofiset can be corrected by
setting 1t to surveying istrument 71 beforehand according to
the following procedures. In addition, an angle offset can be
stored 1n the memory section 61 of the surveying imstrument
71 1n advance as a constant.

(1) The measured object 72 1s set at a suitable distance.

(2) The comner cube 7 of the measured object 72 1s colli-
mated by using the telescope section 30, and a vertical angle
and a horizontal angle 1s measured.

(3) An elevation angle and a horizontal angle to the mea-

sured object 72 1s detected by the fan-shaped laser beams 3a,
35, and 3c.

(4) An angle offset between the elevation angle and the
vertical angle 1s stored, and an elevation angle which 1s actu-
ally detected by the fan-shaped laser beams 3a, 36, and 3¢ 1s
corrected by the angle offset.

On the other hand, an outputting direction of the fan-
shaped laser beams 3a, 35, and 3¢ and an outputting direction
of the tracking light 4 or the distance-measuring light 5 are the
same. In addition, the fan-shaped-laser-beam-emitting sec-
tion 13 and the mirror cylinder 12 emitting the tracking light
4 or the distance-measuring light 5 rotate horizontally around
the same vertical axis, and the same horizontal angle encoder
16 detects the horizontal angle. Therefore, there 1s not a
horizontal angle offset between the fan-shaped laser beams
3a, 3b, and 3¢ and the tracking light 4 or the distance-mea-
suring light 5. When a direction of the measured object 72 1s
detected by the fan-shaped laser beams 3a, 35, and 3¢, even 1
the measured object 72 1s outside 1n a collimating range, the
direction of the measured object 72 1s limited 1n a vertical
direction. Therefore, in comparison with a case in which there
are two angle offsets of a vertical angle and a horizontal angle,
the surveying mstrument 71 can quickly detect the direction
of the measured object 72.

When there 1s a horizontal angle offset between the fan-
shaped laser beams 3a, 35, and 3¢ and the tracking light 4 or
the distance-measuring light 5, for example, when an output-
ting direction of the fan-shaped laser beams 3a, 35, and 3c and
an outputting direction of the tracking light 4 or the distance-
measuring light 5 are opposite, a horizontal angle which 1s
detected by the fan-shaped laser beams 3qa, 3b, and 3¢ can be
corrected by storing the angle offset in the memory section 61
in advance. In addition, a horizontal angle offset can be cal-
culated by the above-mentioned procedures.

Action of Surveying Instrument and Measured Object

Action of the surveying instrument 71 and the measured
object 72 will be described hereinatter. FIG. 10 1s a flowchart
in the second embodiment. A computer-readable program
carrying out processes i FIG. 10 1s stored in the memory
section 61 1n the surveying mstrument 71, and 1s carried out
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by the control arithmetic section 60. This computer-readable
program can be provided by storing 1t in such a recording
medium as a CDROM.

First, the surveying instrument 71 changes to a searching,
mode for searching the direction of the measured object 72.
The surveying instrument 71 drives the horizontal rotary
motor 15, and rotates horizontally the main body 10 (Step 21),
and emits the fan-shaped laser beams 3a, 3b, and 3¢ from the
tan-shaped-laser-beam-emitting section 13 while rotating
(Step 22). At this time, the surveying instrument 71 detects a
horizontal angle by the horizontal encoder 16 1n a predeter-
mined time interval, and stores this 1n a memory section 61.

Then, the fan-shaped-laser-beam-receiving section 70
receives the fan-shaped laser beams 3a, 35, and 3¢ which 1s
reflected by the corner cube 7 of the measured object 72 (Step
23). At this time, 1f number of light signals 1s less than number
of the fan-shaped laser beams 3a, 35, and 3¢, the surveying
mstrument 71 judges 1ts cause shortage of light quantities,
and raises the light-recerving sensitivity. If the number of
light signals 1s more than the number of the fan-shaped laser
beams 3a, 35, and 3¢, the surveying mstrument 71 judges its
cause to be the existence of an unnecessary reflector, and
lowers the light-receiving sensitivity. In addition, when the
tan-shaped-laser-beam-receiving section 70 cannot receive
the fan-shaped laser beams 3a, 35, and 3¢, the surveying
instrument 71 can emit while rotating 1n a vertical direction 1in
which a positional oflset exists.

Next, the control arithmetic section 60 of the surveying
instrument 71 calculates an elevation angle between the sur-
veying instrument 71 and the measured object 72 by light
signals of the fan-shaped laser beams 3a, 35, and 3¢, and
calculates a horizontal angle by the receiving time of the
fan-shaped laser beams 3a, 35, and 3¢ and the horizontal
angle encoder 16 (Step 24). Then, the surveying instrument
71 drives the vertical rotary motor 18 and the horizontal rotary
motor 15, and adjusts the collimating position (Step 25).

After the collimation has finished, the surveying instru-
ment 71 changes to a tracking mode for tracking the measured
object 72. The surveying mstrument 71 emits the tracking
light 4 from the tracking-light-emitting section 42 (Step 26).
The tracking light 4 1s reflected by the corner cube 7 of the
measured object 72, and the surveying instrument 71 judges
whether the tracking light 4 can be recerved (Step 27). When
the tracking-light-receiving section 43 cannot receive the
tracking light 4 (No 1n Step 27), that 1s, when the measured
object 2 1s outside the collimating range, the surveying instru-
ment 71 adjusts again the collimating position by rotating in
a vertical direction (Step 25) and emits again the tracking
light 4 (Step 26), because the output direction of the fan-
shaped laser beams 3a, 35, and 3¢ and the output direction of
the tracking light 4 and the distance-measuring light 5 are the
same 1n horizontal plane. When the tracking-light-receiving
section 43 cannot receive the tracking light 4, there 1s a
possibility that the surveying instrument 71 cannot detect the
approximate direction of the measured object 72 due to the
influences such as the ambient light. Therefore, the surveying
instrument 71 can search again for the measured object 72 by
the fan-shaped laser beams 3a, 35, and 3c.

When the tracking-light-receiving section 43 could receive
the tracking light 4 (Yes 1n Step 27), the surveying instrument
71 adjusts a tracking position (Step 28). The tracking position
1s so adjusted that a barycentric position of the tracking light
4 which the tracking-light-recerving section 43 received 1s a
center position (a collimating center) of a light-detecting
clement 1n the tracking-light-receiving section 43 (Step 29).
When the barycentric position of the tracking light 4 1s the
collimating center (Yes 1n Step 29), the surveying instrument
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71 measures a distance and an angle to the measured object 72
(Step 30). When the barycentric position of the tracking light
4 1s not the collimating center (No 1n Step 29), flow of pro-
cessing returns to Step 27. Advantages of the second embodi-
ment

According to the second embodiment, the measured object
72 can have only a reflector (corner cube 7). In addition, the
surveying instrument 71 can calculate the direction of the
measured object 72.

Industrial Applicability

The present mvention can be used 1n a surveying instru-
ment for measuring a distance and an angle to a measured
object by tracking a retlector provided at the measured object.

What 1s claimed 1s:

1. A surveying imstrument for measuring three-dimen-
sional position of a measured object, comprising:

a detecting section for detecting a direction of the mea-
sured object by rotational emission of two or more fan-
shaped laser beams in which at least one beam 1s
inclined:;

an optical system including a tracking-light-emitting sec-
tion for emitting a tracking light and a distance-measur-
ing-light-emitting section for emitting a distance-mea-
suring light;

a tracking-light-receiving section for receiving the track-
ing light reflected by the measured object; and

a driving section for driving the optical system in order to
collimate the measured object according to an output of
the detecting section and an output of the tracking-light-
receiving section.

2. A surveying system including a surveying instrument for
measuring a three-dimensional position of a measured object,
comprising;

a detecting section for detecting a direction of the mea-
sured object by rotational emission of two or more fan-
shaped laser beams in which at least one beam 1s
inclined:

an optical system including a tracking-light-emitting sec-
tion for emitting a tracking light and a distance-measur-
ing-light-emitting section for emitting a distance-mea-
suring light;

a tracking-light-receiving section for receiving the track-
ing light reflected by the measured object; and

a driving section for driving the optical system 1n order to
collimate the measured object according to an output of
the detecting section and an output of the tracking-light-
receiving section.

3. The surveying system according to claim 2, wherein
the measured object 1s a target having a reflector,

the detecting section has a fan-shaped-laser-beam-receiv-
ing section for recerving the fan-shaped laser beams
reflected by the retlector, and

the direction of the measured object 1s detected based on a
rotating position of the beam emission and receiving
signals of the fan-shaped-laser-beam-receiving section.

4. The surveying system according to claim 2, wherein

the measured object 1s a target having a fan-shaped-laser-
beam-receiving section, and

the detecting section has a wireless communication section
for communicating by the wireless between the survey-
ing istrument and the measured object, and a calculat-
ing section for calculating a direction of the measured
object according to the direction of the rotational emis-
sion of the fan-shaped laser beams 1n a horizontal plane
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and according to recerving-signals of the fan-shaped-
laser-beam-receiving section obtained by the wireless
communication section.

5. The surveying system according to claim 4, wherein

the calculating section 1s provided at the measured object.

6. The surveying system according to claim 5, wherein

the calculating section 1s provided at the surveying instru-
ment.

7. The surveying instrument according to claim 1, wherein

the rotational emission of the fan-shaped laser beams 1s
carried out by a fan-shaped-laser-beam-emitting sec-
tion, and

the fan-shaped-laser-beam-emitting section and the optical
system rotates around the same vertical axis.

8. The surveying instrument according to claim 1, wherein

the fan-shaped-laser-beam-emitting section can rotate in a
vertical plane, and

when the detecting section cannot detect a direction of
target, the direction of the rotational emission in a ver-
tical plane 1s changed.

9. The surveying instrument according to claims 1, wherein

when the driving section drives the optical system accord-
ing to the output of the detecting section and the colli-
mating by the output of the tracking-light-receiving sec-
tion 1s not possible, the driving section drives the optical
system 1n a vertical direction.

10. A method for detecting a measured object by a survey-
ing instrument that measures a three-dimensional position of
the measured object, comprising:

a {irst step for detecting a direction of the measured object
by rotational emission of two or more fan-shaped laser
beams 1n which at least one beam 1s inclined;

a second step for driving an optical system including a
tracking-light-emitting section and a distance-measur-
ing-light-emitting section 1n the direction of the mea-
sured object according to an output of the first step;
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a third step for driving the driving section according to
relative position between an optical axis in the fan-
shaped-laser-beam-emitting section and an optical axis
in the optical system, when a tracking light 1s emitted 1n
a direction of the measured object and a tracking-light-
receiving section cannot receirve the tracking light
reflected by the measured object; and

a fourth step for emitting the tracking light 1n a direction of
the measured object, for receiving the tracking light
reflected at the measured object by the tracking-light-
receiving section, and for driving the driving section.

11. A computer-readable recording medium for detecting a
measured object by a surveying mstrument that measures a
three-dimensional position of the measured object, compris-
ng:

a first step for detecting a direction of the measured object

by rotational emission of two or more fan-shaped laser
beams 1n which at least one beam inclines:

a second step for driving an optical system including a
tracking-light-emitting section and a distance-measur-
ing-light-emitting section 1n the direction of the mea-
sured object according to an output of the first step;

a third step for driving the driving section according to
relative position between an optical axis in the fan-
shaped-laser-beam-emitting section and an optical axis
in the optical system, when a tracking light 1s emitted 1n
a direction of the measured object and a tracking-light-
receiving section cannot receirve the tracking light
reflected by the measured object; and

a fourth step for emitting the tracking light in a direction of
the measured object, for receiving the tracking light
reflected at the measured object by the tracking-light-
receiving section, and for driving the driving section.
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